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Introduction
Over the last decade, the German labour market was characterised by high employment growth and a substantial reduction of unemployment. Between the years 2005 and 2017, employment subject to social security contributions increased by 6 million and the unemployment rate decreased from 11.7 to 3.3 per cent. 2 The declining trend has proven remarkably robust to the world economic crisis beginning in 2007 and the current number ranges among the lowest in the OECD countries (e.g. OECD 2018). The unemployment rate declined across all population groups. However, some notable differences persist (see Figure 1 ): While an unemployment rate of 1.9 per cent indicates full employment among workers who have obtained a tertiary or a vocational degree, the unemployed rate of workers without formal qualifications still amounted to 10 per cent in 2017. Even though the education-specific unemployment rates have converged over the period of economic upswing, the absolute differences of 7 percentage points remain significant.
The digital transformation will certainly change the nature of jobs and tasks and will likely increase the prevalence of major shocks for parts of the labour force, particularly with respect to the risk of unemployment. Although no large aggregate employment adjustments are expected in Germany (Wolter et al., 2016; Vogler-Ludwig et al., 2016) , some workers may be hit more strongly than others. The probability to experience as well as the ability to cope with such a shock may depend on workers' characteristics. This paper provides new insights on the role of general education and age in mitigating the consequences of job loss. In particular, we analyse unemployment durations and unemployment-induced wage penalties. The identified patterns enhance our understanding of the interaction of these factors, adding to the assessment of the challenges induced by these upcoming structural changes. 1 The authors are economists in the Economic Policy Department of the German Federal Ministry for Economic Affairs and Energy. The views expressed herein should be attributed to the authors and not to the German Federal Ministry for Economic Affairs and Energy or its staff. The authors would like to thank Asa Johanson, Andrés Fuentes Hutfilter, Stephanie Lehmann, Annelore Verhagen, Daniela Glocker and Eun Jung Kim for their valuable input. The data used in this analysis were made available by the German Socio-Economic Panel (SOEP) at the German Institute for Economic Research (DIW), Berlin. See Wagner et al. (2007) for a detailed description of the SOEP.
Figure 1. Unemployment rates by educational attainment level
Source: Eurostat, unemployment rates of males and females, 25 to 54 years Examining prime-age men (25-55), our results indicate that education might be an important factor in determining consequences of job loss, as individuals without any formal qualification face a significantly lower probability of finding a new job than all other education groups. We show that older workers take comparatively long to find a new job. This pattern is mostly driven by individuals without any formal qualification or a lower vocational degree. In terms of wage penalties, even in a period of healthy labour market and a thriving economy, the event of unemployment negatively affects subsequent wages. The magnitude of the estimated wage penalties varies across educational groups to some extent -significant wage penalties can only be observed for unqualified workers and workers with intermediate vocational education. However, differences between educational groups are not statistically significant. In addition, the estimates reveal that older individuals face a higher wage penalty. However, this seems to be driven by a longer period between separation and re-employment rather than by higher age per se.
Our findings cannot necessarily be interpreted as causal since individual characteristics, unobservable to the researcher, are likely to influence the education decision as well as labour market outcomes, and thus selection into unemployment might drive the results. Rather, our results should be understood as informative partial correlations, pointing out interesting patterns for recent years.
So far, research on the link between educational attainment and unemployment duration as well as wage penalties is scarcer and less conclusive than evidence on the relationship between education and the incidence of unemployment as well as a wide range of market and non-market outcomes (e.g. Card, 1999; Grossman, 2005) . Whether education reduces the duration of unemployment and mitigates the effect of unemployment on wages is theoretically ambiguous and hence ultimately an empirical question: On the one hand, highly educated individuals should be in a better financial position and therefore able to search longer for a higher quality job. On the other hand, individuals with lower wages are relatively better compensated by social benefits, so their search costs are lower.
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The paper provides new evidence on the link between educational attainment and unemployment duration for Germany and whether this relationship differs across age groups. To our knowledge, this link has not been studied for the time after the extensive German labour market reforms of the years 2003 to 2005, the so called Hartz reforms. There is strong evidence that these reforms had significant impacts on aggregate unemployment and earnings (see e.g. Fahr and Sunde, 2009; Krebs and Scheffel, 2013; Engbom et al., 2015) , hence also individual employment durations and wage developments. Examining the most recent time span may yield different insights. Furthermore, we pay special attention to role of age, which has also been found to be a risk factor for long-term unemployment and the re-employment probability (e.g. Hunt, 1995; Lüdemann et al.; 2006, Lippmann; 2008; OECD, 2013) . This is of particular interest as labour market participation among older workers has risen, encouraged by policymaking in the context of demographic ageing (e.g. the increase of the retirement age).
We complement the literature on the wage penalty of unemployment by focusing on the role of education. That is, we investigate whether educational groups experience different wage losses upon re-entering the labour market after a period of unemployment. Previous studies have established a robust link between unemployment and wages upon reemployment (e.g. Burda and Mertens, 2001; Placzek and Couch, 2010) ; however, the role of education has not been analysed in much detail. Both, general education and job-related skills can be expected to affect the ability to cope with unemployment, however, they might work differently. General education provides an important basis for human capital and is more easily transferable, as it has a value independent of the former job. In addition, general education can be addressed more directly by policy measures, whereas the acquisition of job-related skills is more often market-based. However, so far, the effects of job-related skills are more extensively studied.
Literature Review
Several existing studies provide tentative indication on the link between educational attainment and unemployment duration. In an empirical study on the UK, Nickell (1979) separates unemployment incidence as an inflow and duration component and analyses their respective relationships with educational attainment. The results indicate that while the level of education strongly influences the probability of becoming unemployed during working life, the duration of unemployment is rather weakly affected. Similarly, Mincer (1991) shows that education differentials in unemployment rates in the US are predominantly driven by the incidence of unemployment and not by duration of unemployment. Song (2011a, 2011b) are among the first to account for potential endogeneity of education by exploiting different natural experiments in the US and Canada. They find robust evidence that higher education increases re-employment probabilities.
For Germany, most studies point to a positive relationship between education and exit out of unemployment, particularly in comparison to the least skilled individuals (Hunt 1995; Lüdemann et al., 2006 , Winterhager, 2006 . Along these lines, Lauer (2003) uses survey data from the German Socio-economic Panel (SOEP) for the years 1997 to 1999. She finds that the re-employment probability increases with education, with tertiary education providing the largest benefits. Based on the same data for West Germany from 1983 to 1997, Biewen and Wilke (2005) find that university education increases the probability of re-employment compared to vocational training. They also show that this pattern is less clear using administrative labour market data. In contrast to these results, Bender et al. (2002) find a marginally significant negative effect of education on the conditional probability of exit from non-employment for a sample of displaced workers in Germany between 1975 and 1990 . None of these studies considers the time after the extensive German labour market reforms of the years 2003 to 2005. 4 With regard to the consequences of unemployment periods on consecutive wages, the majority of existing evidence points to negative effects of both unemployment and unemployment duration. In their influential paper, Jacobson et al. (1993) find substantial negative wage effects for the US of up to 25 per cent per year for high-tenure workers. The earnings of displaced workers, who face an arguably more exogenous shock due to mass layoffs, drop more than the earnings of those who became unemployed for other reasons. This highlights the importance of selection into unemployment. They also show that the choice of the comparison group matters, as workers who remain in the same firm also face reduced wage growth. Couch and Placzek (2010) , however, find lower effects than previous studies when using matching estimators that correct for systematic differences between workers. Using a differences-in-differences matching estimator, Hijtzen et al. (2010) show that displacements caused by firm closures and mass layoffs in the UK lead to income losses due to periods of non-employment, but small actual wage losses once employment is resumed. However, they also find that longer periods of nonemployment lead to larger wage losses.
Using the SOEP from 1990 to 1996 for West Germany and exploiting information on plant closures, Couch (2001) reveals reductions in earnings that are at the lower end of the range of comparable US estimates. Burda and Mertens (2001) estimate an average displacement effect on wage growth of about 2 per cent for Germany, but losses seem to be larger and more comparable to US findings in the upper three wage quartiles. The wage penalty at higher quartiles is reduced if recalls are considered, which is interpreted as a reflection of firm-specific human capital.
Only a few studies focus explicitly on the impact of the unemployment duration on future wages in a setting comparable to the one implemented in this paper. Analysing voluntary and involuntary job losses together, Gregory and Jukes (2001) find that unemployment incidence has only a temporary effect. The effect of unemployment duration, by contrast, is permanent and strongest for older and better-paid men, with a one-year spell adding a further penalty of up to 10 percentage points. Taking a similar empirical approach to our study, Arulampalam (2001) finds no significant differences with respect to the length of the unemployment spell. Evidence for Germany confirms that longer periods of unemployment can be harmful (Bender et al, 2002; Fitzenberger and Wilke, 2010) . In addition, Bender et al. (2002) estimate that the slow job-finding penalty is smaller in the group of individuals who became unemployed because of a plant closure compared to those who became unemployed for other reasons.
To our knowledge, evidence on the relationship between educational attainment, age and the wage penalty of unemployment duration is limited. Most studies put more emphasis on job-related skills than on general education. Hijzen et al. (2010) show that initial losses after one year of unemployment are larger for skilled workers, which is consistent with the notion that firm-specific human capital and internal labour markets are important components of skilled workers' wages. Especially older workers are negatively affected. However, five years after re-employment, most of the differences across skill groups vanish. Analysing plant closures in Austria, Schwerdt et al. (2010) find that negative wage effects are particularly large for white-collar workers. Based on SOEP for the years 1984 to 2012, Toulemon and Weber-Baghdiguian (2017) find no clear differences in wage penalties between blue-collar and white-collar workers. Regarding age, the reemployment probability out of unemployment is lower for older workers, but there is no significant difference between age groups in terms of wage penalties of unemployment spells. For general education, on the other hand, there is some evidence by Couch (2001) that in West Germany each additional year of general education reduces the negative wage effect of job displacement by about one-third.
Data and Sample Selection
The dataset used in the analysis is the German Socio-Economic Panel (SOEP) 5 , a representative panel survey that started in the year 1984. The SOEP comprises information on approximately 12,000 private households and their members in both East and West Germany. The main questionnaire provides a rich set of socio-demographic variables including detailed information on employment-related issues (wages, occupation, and industry) as well as educational attainment on a yearly basis.
The SOEP features a retrospective monthly calendar that allows users to track individual employment histories. 6 Based on this data, we construct spells of different types of labour market participation. We consider individuals to be employed if they are working fulltime, part-time or have a mini-job (marginal employment). Individuals are defined as being unemployed if they are officially registered as unemployed.
7 Furthermore, individuals are not participating in the labour force and are therefore considered inactive if they become homemakers, are on parental leave, in retirement or participate in further education.
5 Socio-Economic Panel (SOEP), data for years 1984 , version 33, SOEP, 2017 This information may be subject to measurement error if individuals do not remember or do not report correctly whether or when exactly they were unemployed. For instance, the most common month in the data reported for the end of an unployment spell is December (see also Hunt, 1995) . However, unemployment increases in aggregate terms from November to December. The experienced painfulness of unemployment may also affect the reporting behaviour (e.g. Juerges, 2005) . 7 Note that this does not exactly correspond to the ILO definition of unemployment that is often used as a standard in the literature. The information provided in the SOEP does not allow for it.
We define the following educational groups to examine varying effects across education levels:  Academic tertiary degree: corresponding to ISCED 97 classification ISCED 5a and 6
We restrict our sample to the years 2000 to 2016. 10 We do so because in the year 2000 all individuals were questioned again about their highest education level. As a consequence, the information on educational attainment changed for a considerable number of individuals. To avoid variation in our education measures caused by these inconsistencies, all observations prior to 2000 are excluded.
Since the analysis is concerned with periods of unemployment and effects on subsequent wages, the sample is further restricted to individuals aged 25 to 55 years to exclude periods where individuals are either still in education or become eligible for (early) retirement.
11 In line with the majority of the literature on labour market outcomes, the analysis focuses on men only. To ensure representativeness and adjust for sample attrition, estimates are weighted using survey weights provided by the SOEP.
Even though we are able to control for a rich set of other variables, we cannot mimic an "experimental" setting. The data cannot be limited to displaced workers due to firm closure or downsizing. Hence, selection into unemployment cannot be ruled out and the estimated unemployment durations and wage penalties cannot be interpreted as the causal effect of the "treatment of unemployment", but should be understood in terms of partial correlations only. Selection into unemployment can, for instance, depend on individual job prospects, past job performance or the economic situation of the previous employer. Therefore, if unemployment durations and wage penalties differ systematically between those that have been unemployed and those who have been steadily employed, the estimated effects might be biased.
Sample selection for the duration analysis
The main variable of interest in the first part of the analysis is unemployment duration, which is derived from the retrospective monthly calendar information. The sample is comprised of individuals who were registered unemployed at least once between 2000 and 2016.
As the focus of our analysis lies on the examination of adjustment processes in response to an economic shock, we only consider unemployment periods following a period of employment. As a result, individuals who became unemployed prior to 2000 and those who were registered as unemployed after a period of inactivity are not considered. This definition ensures that all left-censored observations (i.e. observations without data on the exact beginning of an unemployment spell) are excluded. To proxy involuntary unemployment, we exclude unemployment spells following a termination of the contract by the employee. This is because individuals who voluntarily quit their job might already have another job lined up and do not enter into a phase of job search, which might bias the results.
Exits from unemployment may occur into employment (if a worker has found a new job) or into inactivity (if a worker withdraws from the labour force). We consider transitions from unemployment into both full-time and part-time employment, including mini-jobs. We control for individual background information reported at the beginning of an individual's unemployment spell.
As a result, the sample for the duration analysis consists of 3,449 unemployment spells experienced by 2,713 individuals. Descriptive statistics on the different transitions, the time spent in unemployment until a transition occurs, as well as the socio-demographic characteristics of the sample can be found in Appendix Table A1 .
Sample selection for the wage analysis
For the analysis of wage developments in the second part of the empirical analysis, we use reported information on gross earnings in the month prior to the SOEP interview. Hourly wages are derived by dividing monthly earnings by the number of hours worked per month. Hours worked per month are obtained by multiplying average weekly working hours by 4.33. As the reported wages include overtime pay, actual hours worked and not the contracted hours are used in the analysis. Nominal wages in Euro are deflated using the consumer price index (CPI).
To identify whether individuals were unemployed prior to their current job, we again make use of the calendar data as well as information on the tenure with the current employer (reported in months). Based on these two sources, we can identify the starting date of the current job and the preceding labour-market status of the individual. Likewise, we can determine the duration of a previous unemployment spell. It should be noted that this information can only be identified for individuals who already participated in the SOEP and, hence, provided the calendar information when they started their current job.
For the years 2000 to 2016, we analyse 27,477 observations in total, of which 25 per cent experienced an unemployment spell prior to the current job. According to our definition 30 per cent of all observations with a prior unemployment spell are labelled as voluntary.
In order not to lose that many observations, we include both involuntary as well as voluntary unemployment spells in our main analysis. However, to check the robustness of our results, we also test for differences between these two types of spells. Table 3 displays descriptive statistics of the sample used in the wage regressions. The simple, non-weighted average hourly wage of individuals without a previous unemployment spell is roughly 17.5 Euros, whereas it is only 13.4 for individuals who were previously unemployed. This simple difference, however, should not be interpreted as a wage penalty of unemployment, since unemployed individuals may differ from others in wage-relevant characteristics: For example, in terms of demographic characteristics, workers in the sample who were unemployed prior to their current job are more likely to live in East Germany, are less often married, and are slightly less likely to have children. When it comes to job-market related characteristics, they are more often employed in atypical employment such as part-time, temporary work or on fixed-term contracts and have less employment experience. Those that did not experience an unemployment spell prior to their current job have obtained a higher education level on average as already illustrated in Figure 1 . The two groups are only similar in terms of age and nationality. Overall, the differences between these two groups point to the issue of selection discussed above and highlight the importance of including individual fixed effects and controlling for confounding factors in the econometric analysis later on.
Unemployment Duration and Educational Attainment in Germany
In this section, we analyse the link between the probability of re-entering employment and educational attainment. In a first step, we present descriptive evidence on unemployment durations of different educational groups. To this end, we plot Kaplan-Meier estimates of the non-parametric survival functions of unemployment spells following a job loss. We only investigate transitions to employment; spells ending in a transition to inactivity are treated as censored for this descriptive analysis. 12 In a second step, we investigate the link between unemployment duration and education in more detail by estimating discrete time competing risk models that also explicitly consider the possibility of leaving the labour force.
Descriptive Results
Kaplan-Meier survival curves indicate the probability of still being unemployed after a given duration in unemployment. Figure 2 depicts separate curves for different education levels. For the graphical representation, the curves are cut at 60 months. Several facts are apparent in this graph. First, the different curve progressions indicate that once workers have become unemployed, individuals without formal qualifications find it much harder to re-enter employment than the unemployed with a higher level of education. While half of the unemployed individuals in these groups exit unemployment within five to seven months, the median survival time, i.e. the time spent unemployed for individuals without formal qualifications amounts to ten months.
It is somewhat surprising that, at short unemployment durations, individuals with an academic tertiary degree leave unemployment at a slightly slower rate compared to the other groups with at least some formal qualifications. On the one hand, this finding might reflect that individuals with an academic tertiary degree disproportionally profit from a better job match and are on average less financially constraint. On the other hand, the observation hints to a potential selection issue: As the survivor functions do not consider differences in the characteristics of the populations, it may be that the subsample of highly educated unemployed features characteristics that make finding a new job harder after separation. Hence, these workers would take longer to find a new job independent of their educational attainment. However, a test for differences of the survivor functions based on the likelihood of a Cox proportional hazard model indicates that, even though small differences are visible, unemployment durations do not differ significantly between most educational groups, except from the one without formal qualifications.
Figure 2. Survival Rate by Education
Age is often found to be negatively related to the re-employment probability (e.g. OECD, 2013). Age-related differences can reflect different factors such as the depreciation of human capital (Becker, 1962) and mobility constraints of older workers (Greenwood, 1997) , which make it harder to re-enter employment.
In order to investigate potential heterogeneity in unemployment durations with respect to age, we stratify the overall sample into three different age groups (25-35, 36-45 and 46-55 years) , where the stratification is based on the age at the beginning of a respective unemployment spell. The Kaplan-Meier curves depicted in Figure 3 indicate that unemployment duration increases monotonously with age. While half of the unemployed individuals in the two younger age groups find a new job within five to six months, the median survival time for the oldest group amounts to eight months. Interestingly, the differences in unemployment durations between the age groups grow larger at higher percentiles of the duration distribution, indicating that older individuals have a higher risk of becoming long-term unemployed: the number of months until at least 75 per cent of the older unemployed re-enter employment amounts to 27, while for the two younger groups it takes twelve and 15 months, respectively. Finally, Figure 4 shows age-specific survival rates stratified by educational attainment. The positive relationship between age and unemployment duration holds for individuals of all education levels. Yet, age-specific differences are particularly large for workers without formal qualifications: While 50 per cent of the young unemployed re-enter employment within eight months, the prime-aged unemployed take a median of 16 months. Less than 50 per cent of the older unemployed individuals without formal qualifications find a job at all. Thus, the risk of long-term unemployment appears to rise relatively strongly with age for low-educated individuals, but there is also a clear pattern for workers with an upper secondary vocational degree, where the unemployment duration is higher above the age of 45 years. The 75 th percentile of older workers from this education group only re-enters employment after 27 months.
13 Also in the group of individuals with an academic tertiary degree, the difference between younger and older workers is pronounced, especially at longer unemployment durations.
13 Table A2 summarises specific percentiles of the survival curves across age groups for university graduates as well as graduates with an upper secondary vocational degree to illustrate the longer unemployment durations for older workers. For example, the median survival duration for individuals with an upper secondary vocational degree is five months for 25 to 35-year-olds compared to eight months for workers between the ages of 46 and 55 years. 
Competing Risk Analysis

Empirical Strategy
The survivor curves already highlight education-specific as well as age-specific differences in unemployment durations. To analyse these relationships in more detail, we estimate discrete time competing risk models. These models are widely used in empirical studies of unemployment durations and offer two advantages: First, it is possible to compute survival probabilities that are adjusted for individual characteristics. Second, these models do not only estimate the probability of a transition to a new job, but simultaneously control for transitions into inactivity. The purpose of this analysis is, hence, to check whether the patterns found from the simple survival curves also hold when controlling for additional variables and for transitions into inactivity.
We model the duration in unemployment as a discrete spell, measured in months, where the spell ends when an individual transits either into employment or into inactivity. In the spirit of e.g. Steiner (2001) , we model the two transitions as discrete state-specific hazard rates = transition-specific error terms, assumed to be conditionally independent and normally distributed with zero mean.
The conditional independence assumption on the error terms allows us to treat employment and inactivity as competing risks to model the probability of a transition into either of the two states in period as
the product of the transition period t and the survivor function up to time t-1. Following Allison (1982) and Jenkins (1995) , the model is estimated using a multinomial logit with unemployment as the base category and employment and inactivity as two mutually exclusive choices. This leads to the following specification of the hazard rates
where ( ), the so-called baseline hazard, describes the dependence of the hazard rate on the time elapsed since the beginning of the unemployment spell for the reference group. The vector contains variables that are measured at the beginning of the unemployment spell and are held fixed over the unemployment duration. As we are interested in the relationship between educational attainment and age with respect to unemployment transitions, contains indicator variables for the five different educational categories and the three different age groups. We specify the group without formal qualifications and the youngest age group (age 25-35 years) as the reference category. Thus, the estimated coefficients indicate the differential effects on the hazard rate compared to someone who belongs to these two groups. In our most extensive specification, also contains a large set of control variables, namely the year of the start of the unemployment spell, sociodemographic factors (indicator variables for marriage, children and their age structure as well as for East German residence) and a set of indicators for the type of the last job.
Estimation is based on the sample likelihood function, which is given by:
where δ ij is an indicator equal to one if the unemployment spell of individual i ends in state j and c i is an indicator equal to one, if the unemployment spell of individual i is right-censored, which could either be at the end of the observation period, or because of sample attrition, which is assumed to be random. Table 1 reports the results from estimating different variations of Equation 4 including all age and educational groups. Each column contains two sets of coefficients: The first set contains the coefficients for the probability of a transition to employment; the second set contains the coefficients for a transition into inactivity. The specification in Column 1 only includes the most basic indicator variables for the educational and age groups of interest. In Columns 2 to 4, the model is step-by-step augmented by covariates. Column 2 additionally includes time fixed effects (measured in the year of the beginning of the unemployment spell); Column 3 adds socio-demographic variables. Finally, Column 4 additionally contains a set of indicators for the type of the last job.
Results
Unemployment Duration by Education and Age
Overall, the estimated coefficients confirm the patterns found in the survivor curves in Figure 2 and Figure 3 . Individuals without formal qualifications -the base category -find it significantly harder to re-enter employment compared to those with any kind of formal qualifications. The magnitude of the point estimates on the two tertiary educational groups is somewhat larger than for the two groups with non-tertiary vocational degrees, suggesting that tertiary education is related to higher re-employment probabilities. However, a test for statistical differences between the individual coefficients does not corroborate this conjecture, as none of them is statistically different from any of the others. This is also in line with the graphical evidence from Figure 2 , where the empirical survivor curves are virtually not distinguishable from each other, apart from the one for those without formal qualifications.
The last two rows of Table 1 also contain the coefficients for the two age-group dummies, which confirm the patterns from Figure 3 : The older an individual, the less likely is a quick transition into a new job. The difference between prime-age and older individuals is statistically significant.
The coefficients from the hazard rate into inactivity do not produce any strikingly significant results. These results suggest that there are no clear differences across educational attainment and age regarding the choice to drop out of the labour force.
Considering the different model specifications in Columns 1 to 4, the estimates on the variables of interest remain robust to the inclusion of further control variables. In all four columns, the baseline hazard is specified as ( ). In order to check whether this rather simple parameterization is too restrictive, we re-estimate the fully specified model from Column 4 for different specifications of the baseline, namely a quadratic or a cubic polynomial and a highly flexible non-parametric baseline, based on dummies for every month after job loss. The results appear to be very robust with respect to the chosen parameterization (see Table A3 ).
Taken together, the estimation results suggest that education enhances re-employment probabilities, but that the specific type of formal education does not play a dominant role. The poor showing of the group without any formal education and similar general patterns of re-employment have been documented in previous duration studies for Germany (e.g. Lauer, 2003; Biewen and Wilke, 2005) before the Hartz reforms in 2005; however, we do not find significantly quicker transitions for highly educated people compared to any other form of formal education. After the Hartz reforms, which were mostly targeted on lowskilled individuals, education-specific unemployment rates in Germany have converged (see Figure 1 ). This development might not only be a matter of inflow into unemployment but also a result of decreasing unemployment durations of low-and medium-educated workers.
Age-specific Effects of Education
To investigate the combined effects of education and age, we re-estimate the fully specified model separately for each educational group. 14 The results displayed in Table 2 correspond to the descriptive survivor curves in Figure 4 and again confirm the graphical evidence. The coefficients for the transition into employment show that age-specific differences are particularly large for workers without formal qualifications (Column 1). One reason for these relatively large, statistically significant differences in re-entering employment may be that low-skilled jobs often require the performance of manual tasks (Autor and Dorn, 2011) , where older workers have productivity disadvantages.
As indicated in Column 2, age-specific differences in unemployment durations are also present for individuals with a vocational upper secondary degree. While also many medium-skilled workers are subject to considerable physical demands, a further explanation for these patterns may be related to technological change: As shown for example by Autor et al. (2003) for the US and Spitz-Oener (2005) for Germany, technological advancements have mainly affected medium-skilled workers, who tend to perform routine tasks, which are prone to substitution by machines. This technologyinduced substitution has been particularly pronounced for older workers (Senftleben and Wieland, 2014) , resulting in a lower probability of re-entering employment after a period of unemployment.
The small and insignificant point estimates in Columns 3 and 4 indicate that workers with post-secondary non-tertiary qualifications or with a tertiary vocational degree do not feature age-specific differences in unemployment durations. In contrast, an academic degree does not fully attenuate the negative effects of age on the probability of re-entering employment (Column 5).
While there were no significant and striking patterns for the transition into inactivity in the overall sample in Table 1 , the analysis stratified by educational attainment provides some interesting insights: For those without any formal qualifications, individuals from the prime-aged group are much less likely to drop out of the labour force compared to their younger and older peers. There are also mildly significant coefficients of the interaction terms of the prime-aged and older group of individuals with a tertiary vocational degree. However, these results should be interpreted carefully, given the small sample size and the very low frequency of transitions out of the labour force for these subgroups.
Overall, our results suggest that education might be an important means to mitigate the negative consequences of unemployment. Having a vocational or a tertiary degree is strongly related to higher re-employment probabilities. However, once any kind of qualification is obtained, our results point to no significant differences between education levels. Furthermore, older workers take particularly long to find a new job after an unemployment spell, where this result is mainly driven by the workers without upper secondary education. These patterns should not be interpreted as causal effects since neither variation in educational attainment, nor the event of unemployment are truly random. The significantly worse performance of individuals without any formal qualifications, however, highlights the importance of education in the labour market. Also, the results on the longer durations for older workers possibly make a case for lifelong learning opportunities especially when preparing the work force for the digital transformation.
Unemployment and Subsequent Wages
In this section we investigate the consequences of unemployment once employment is resumed. Specifically, we analyse whether periods of unemployment lead to a wage penalty when re-entering employment, a phenomenon often referred to as "wage scarring". As in the previous section, we investigate whether wage penalties differ between educational groups and between younger and older workers.
Empirical Approach
In order to estimate the relationship between wages and preceding unemployment spells, we follow Arulampalam (2001) and define two main groups: First, workers who started a new job without a preceding period of unemployment, and second, workers who did experience a period of unemployment prior to their current job. The first group serves as a control group for the latter and allows us to separate the influence of unemployment from other wage determinants.
15 15 We compare previous unemployed individuals with workers who have been continuously employed but not with the same employer. Hence, individuals in our control group also switch jobs. In contrast, many of the cited papers above do not explicitly differentiate between continuous employed individuals staying employed with the same employer and those switching firms.
We estimate the following general wage equation for individuals who report a positive wage at the time of the interview.
where yit is the logarithm of the real hourly wage of individual i at time t. Episodes of preceding unemployment are captured using two different approaches. In the first approach, prev_unemploymentit is a simple dummy variable, which is equal to one if the individual entered the current job out of unemployment of at least one month and zero otherwise. This definition might lead to downward-biased results if a lot of individuals who are in-between jobs register as unemployed for a very short time in order to receive health care coverage. Hence, in a second approach, we instead use the actual number of months spent in unemployment prior to the current job (prev_unemploymentit). It is equal to zero if the individual was not unemployed. Using the duration measure is, hence, more precise and directly links this part of the analysis to the duration analysis conducted in the previous section. Consequently, the parameter β1 measures either an average wage penalty in a job following unemployment in general or the average wage penalty of one additional month of unemployment.
The panel character of the SOEP allows us to include individual fixed effects (αi) in the regression in order to capture time-invariant individual differences. The main idea of this specification is to compare the change in wages for the same individual ("within" an individual). Furthermore, we include year fixed effects, dummies for the month of the interview to capture any seasonal effects and dummies for the year in which the current job was taken up. The latter is supposed to control for any permanent effects that can be traced back to the macroeconomic conditions that prevailed when the individual started working with the current employer. This means that we analyse whether wage rates develop differently for individuals who experience a period of unemployment compared to individuals who do not experience such an unemployment spell. The error term εit is clustered at the individual level to correct for possible serial correlation of the error term.
In order to control for as many confounding factors as possible, a matrix of control variables (X'it) is included. This matrix consists of controls for socio-demographic characteristics such as age, age-squared, marital status, dummies for children of different ages, and a dummy for East German residence. Furthermore, we control for educationspecific age-wage profiles by interacting age and age-squared with dummies for the different education levels. We also control for employment experience combing information on full-time as well as part-time in a single measure (experience = exp_full+0.5*exp_part) and add an indicator variable for any prior unemployment spells that are not captured by our main explanatory variable. Information on the current job such as tenure in the job, industry dummies, a part-time dummy, dummies for the type of occupation (e.g. blue-collar), temporary work or fixed-term contracts is included as well.
To ensure that outliers do not drive our results, we set extreme wage outliers to the lowest and highest one per cent of the wage observations respectively (winsorising) 17 and exclude 16 Since for self-employed individuals it is difficult to derive an hourly wage in general, these individuals are excluded from the sample.
17 This is a standard procedure to avoid results that are driven by extreme, non-representative or unreasonable data points. There are a few very low and very high values. For example, the lowest one per cent of wage observations are at or below three euros. This might be an issue of mismeasurement due to the fact that hourly wages are not directly observed but have to be derived by using information on the hours worked per week.
observations with a preceding unemployment spell of more than five years, which applies to about one per cent of all observations.
Even though we control for individual fixed effects and a rich set of other variables, we cannot mimic an "experimental" setting. The data do neither allow us to focus on displaced workers due to firm closure or downsizing only. Hence, selection into unemployment cannot be ruled out and the estimated wage penalties cannot be interpreted as the causal effect of the "treatment of unemployment", but should be understood in terms of partial correlations only. 18 It also should be noted that it is not possible to draw any conclusions for those who remain unemployed or who drop out of the labour force, since the estimation only includes the selected group of individuals who have returned to employment. Table 4 reports the results from estimating different variations of Equation 4. Panel A displays the results for the specification that includes a dummy for previous unemployment as the main explanatory variable. Panel B includes the continuous unemployment duration measure instead. The specification in Column 1 includes time and individual fixed effects only, Column 2 adds demographic characteristics. Information on the employment history and job experience is added in Column 3. Finally, the regression reported in Column 4 additionally controls for job characteristics as described above.
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Results
Average Wage Penalty
Overall, the coefficient for unemployment, using either definition, is negative and statistically significant in all specifications. For example, the point estimate in Column 4 of Panel A implies that wages of workers with a preceding unemployment spell are 3.5 per cent lower compared to individuals with an employment-to-employment transition. Note that this difference is much smaller than the difference in mean wages of individuals with or without a previous unemployment spell (Table 3 ). This indicates that selection into unemployment is not random and that other characteristics correlate with the unemployment status. The coefficient on the duration measure in Column 4 of Panel B translates into a wage penalty of 0.42 per cent per month of unemployment or 5.1 per cent per year of unemployment. Quantitatively, these effects are smaller than previous comparable findings from the literature. For men in the UK, Arulampalam (2001) finds a wage penalty of about 7 per cent over the period from 1991 to 1997 and Gregory and Jukes (2001) estimate a negative effect of 0.8 per cent per month of unemployment for the years between 1984 and 1994. Compared to evidence from the US, our results are particularly low. However, as discussed in the literature review, previous studies have shown that wage penalties in Germany are in general at the lower end of the distribution of wage effects across countries.
The magnitude of the coefficients decreases with the inclusion of additional explanatory variables, with the biggest jump occurring when labour market experience is controlled for. The signs of the coefficients on experience, unemployment and job tenure are as expected (not shown): More experience is associated with a higher wage; additional spells of unemployment with a lower wage. The decrease in magnitude of the estimated relationship between preceding unemployment and wages may reflect that individuals who experienced an unemployment period prior to current job are in general less attached to the labour market. Hence our estimate may partly pick up general differences in relevant education and experience. The coefficients decrease further when including job characteristics (Column 4). This suggests that part of the detected wage penalty reflects the fact that previously unemployed individuals re-enter into lower quality jobs compared to the job before the unemployment period. This interpretation is in line with the findings on job quality by Couch (2010), as described above.
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Column 4 controls for the full set of individual characteristics and therefore represent the most conservative estimates of a wage penalty and will serve as our preferred one for the rest of the analysis. As described in the previous section, unemployment duration varies to some extent across different groups. Therefore, when analysing differences in the pattern with respect to age and education, we focus on the specification that includes unemployment duration as the variable of interest.
The analysis so far has focused on unemployment periods following voluntary as well as involuntary job terminations. It is possible that individuals with higher education quit their job more often voluntarily while having another job already lined up, which could be lead to a smaller or non-existing wage penalty. However, defining involuntary job terminations as in the duration analysis and interacting an indicator variable with the duration measure does not show significantly different wage penalties between voluntary and involuntary unemployment (not shown).
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Results by Education and Age
We augment the baseline model described by Equation 4 by interaction terms between previous unemployment duration and dummies for the five educational groups and depict the results in Table 5 . For ease of comparison, the baseline estimates for the average wage penalty are reproduced in Columns 1 and 3, respectively. The estimates of our preferred specification in Column 4 indicate that the magnitudes of the coefficients for different educational groups vary. The impact of unemployment duration on wages of individuals with upper secondary vocational qualifications and workers without formal qualifications is statistically significant. The coefficient for individuals with an academic degree is the smallest. The estimate of only 0.23 per cent per month of unemployment for this group is half of the average penalty across all education levels (Column 3). However, testing for the difference between the coefficients for different education levels reveals that none of them is statistically different from any of the others. 22 This stands somewhat in contrast to findings by other studies that show a higher wage penalty for skilled individuals (e.g. Hijzen et al., 2010) or for workers in the upper part of the wage distribution (e.g. Burda and Mertens, 2001) . 23 The difference in findings might be explained by the fact that we analyse general education in comparison to job-related skills, as the latter get lost if workers are displaced. Moreover, the loss of firm-specific knowledge might materialise with every change of employer. The fact that our control group consists of individuals who also changed their job but did not experience a period of unemployment in between might explain the difference compared to other studies. Additionally, the German labour market was mostly in an excellent condition in our sample period, which could make the loss of firm-specific capital less relevant compared to previous times.
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Analogous to the analysis of unemployment duration, we investigate age differences. Table 6 reports results from a regression where the two respective unemployment measures are interacted with three age dummies.
25 Different from the estimation in Table  5 , the coefficients for the age groups measure the difference in comparison to the estimate for the reference age group comprising individuals aged 25 to 35 years. Controlling for unemployment by a simple unemployment dummy, the estimates suggest a significant wage penalty for individuals aged 46 to 55 years that is 4.6 per cent higher than for both, individuals aged between 25 and 35 years as well as prime-age men. When including the continuous duration measure, however, the differences between the age groups are not significant anymore (cp. Column 1 and Column 2). This result suggests that it is not the age per se that is associated with a higher wage penalty of unemployment but rather the time spent in unemployment. Hence, the significant differences in Column 1 are likely to reflect that older individuals tend to experience longer unemployment durations on average rather than the effect of age itself, which is confirmed by the results presented in the duration analysis.
Conclusion
This study analysed the relationship between educational attainment and the consequences of unemployment for Germany, using recent survey data for the years 2000 to 2016. Our results indicate that individuals without any formal qualifications experienced significantly longer unemployment spells compared to individuals with any kind of vocational or academic education. We do not find any evidence for significant differences across educational groups, once any type of formal education is considered. Older workers find it somewhat more difficult to re-enter employment in general. This again seems to be particularly the case for low-educated individuals. Our results on wage penalties of unemployment spells indicate that time spent in unemployment bears a material cost to workers even after employment has been resumed. Variations in these penalties across workers seem mostly driven by the unemployment duration and less so by other factors such as age or education. The results demonstrate that education in general is a valuable means to handle individual shocks in the labour market. With the on-going process of digitalisation probably entailing some amount of turnover in the labour market, the attainment of formal education levels will prove beneficial in order to adapt to possible changes. The results on the particular vulnerability of older workers might also hint towards the importance of life-long learning possibilities, which again might become more crucial as the digital transformation progresses. Note: Not weighted. 63, 903, 667 63, 321, 198 63, 306, 399 62, 899, 699 BIC 63, 904, 309 63, 321, 857 63, 307, 075 62, 900, 797 NxT 34, 526 34, 526 34, 526 34, 526 Note: Clustered standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 Note: Observations pooled, one observation per worker per year, not weighted.
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